Infectious Diseases and Population Cycles of Forest Insects
Abstract. The regulation of natural populations of invertebrate hosts by viral, bac terial, protozoan, or helminth infections is discussed, using models that combine ele ments of conventional ep idemiology (where the host population is assumed constant) with dynamic elements drawn from predator-prey studies; the apparent absence of acquired immunity in invertebrates simplifies the analysis. Highly pathogenic infec tions, with long-lived infective stages, tend to produce cyclic behavior in their host populations. The models give an explanation of the 9-to lO-year population cycles of the larch bud moth (Zeiraphera diniana) in the European Alps and suggest that mi crosporidian protozoan and baculovirus infections may be responsible for the 5-to 12-year population cycles observed in many temperate forest insects. The dynamics are somewhat simpler, and the relevant parameters more ame nable to measurement, than is the case for most vertebrate host-parasite sys tems, because it appears that inver tebrates do not develop acquired immuni ty to the agents of infectious disease (6) .
In the simplest case, we define X(t) to . be the 'number of susceptible hosts and yet) the number of infected hosts at time t; the total population of invertebrate hosts is thus N(t) = X(t) + yet). We fur ther define a to be the per capita birth rate of the hosts, b their natural death rate, a the disease-induced death rate of infected hosts, and y the recovery rate.
These are all quantities that may, in prin ciple, be measured directly. In this sim plest model for a directly transmitted in fection (7), the transmission rate is as sumed proportional to the number of susceptible hosts and to the number of infected individuals, (3XY (8); latency is ignored, and all infected hosts are taken to be infective. The dynamics of this sys tem obey the pair of first order diff eren tial equations
Equivalently, one of these equations may be replaced with that for the total host population
This formulation differs from conven tional epidemiological models in that the host population N is a dynamic variable. Conventional models take N to be a pre determined constant, unaffected by the presence of the disease, so that attentio n is focused on the single dynamical Eq. 
The condition R > 1 for maintenance of the infection may alternatively be ex pressed as the requirement that the host population exceed a threshold density, N > NT, with NT = (ex + b + y)/f3 (3, 4, 10) . This threshold population density will be relatively high for infections with relatively h i gh pathogenicity (large ex) or relatively low transmissibility (small (3).
For the more dynamic model repre sented by Eqs. 1 to 3, the disease will ac � tually regulate the magnitude of the host population at a steady va l ue provided that the pathogenicity exceeds the net population growth rate, ex > a -b (11).
As was noted above, Eq; 2 shows that the disease cannot become established (that is, R < 1) until the host population exceeds the threshold value NT' If at first N < NT, the popUlation will grow ex ponentially until it does exceed NT, whereupon the infection regulates the population if ex > a -b or, at least, slows the population's rate of ex ponential growth if ex < a -b (12). Table 1 shows the disease-induced mor tality rates (ex) and the natural death rates (b) for the invertebrate hosts of various parasitic infections. The effective birth rates (a) of these invertebrates are hard er to determine (13) , but Table 1 shows that ex is typically an order of magnitude greater than b, which makes it plausible that some of these infections may con-
tribute, wholly or in part, to the regula-. (20) , then the disease will again regulate its host population so long as a > a -b.
However, the regulated state may be a stable point, or it may be a stable cycle (Table 2 ). We suggest that the population cycles in Table 2 may be driven by the interactions between the host insect and a pathogen. 
d�ving the host population cycle.
Fourth, the cyclic patterns of host abun dance tend to be characterized by a slow rise and a rapid fall, whereas the cycles in pathogen prevalence tend to be more symmetrical.
Other (24) .
nisms discussed in this report are suf ficient to account for many long-term population cycles of forest insects.
Systematic acquisition of more data will allow these ideas to be subjected to additional tests similar to that of Fig. 2 Abstract. Cytochemical staining of demyelinated peripheral axons revealed two types of axon membrane organization, one of which suggests that the demyelinated axolemma acquires a high density of sodium channels. Ferric ion-ferrocyanide stain was confined to a restricted region of axon membrane at the beginning of a demyelinated segment or was distributed throughout the demyelinated segment of axon. The latter pattern represents one possible morphological correlate of continu ous conduction through a demyelinated segment and suggests a reorganization of the axolemma after demyelination. 
